The promise of gene therapy and its potential to generate effective treatments for human diseases has been a subject of much debate. It is now well recognized that gene delivery technology presents the major obstacle to the success of this field, and a consensus has emerged that the development of vectors that can deliver and appropriately express relevant gene products in specific tissues in vivo is much needed. For this reason, significant effort has been placed on expanded studies in molecular virology and gene expression relevant to gene-transfer technology (reviewed in ref. 1) . The challenge has been to achieve stable, regulated gene expression and to avoid immune responses. Thus, the ideal gene therapy vector would be injectable, targetable to specific sites in vivo, regulatable, able to maintain long-term gene expression, and nonimmunogenic. In this issue of the Proceedings, Burcin and colleagues (2) in Dr. Bert O'Malley's laboratory describe a major step toward the generation of an optimized adenoviral vector. This vector could be useful for the treatment of liver-related diseases and serum-protein deficiencies that can be complemented through gene expression in hepatocytes.
In this study, several elements have been combined into a single vector with promising features (Fig. 1) . Although the individual components are not by themselves entirely novel, the fact that they work in combination represents a pragmatic advance in the development of an optimal adenoviral vector. Importantly, Burcin et al. used an adenoviral vector gutted of almost the entire adenoviral genome, replaced with a sequence from the human HPRT gene. Such vectors have been shown to sustain long-term expression in vivo (3) (4) (5) (6) . Removal of the viral genes prevents activation at low levels and hence detection by the immune system. Elimination of these sequences also reduces expression in tissues that may promote immune recognition. For example, adenoviral gene expression in minimally deleted vectors often leads to expression in antigenpresenting cells, which enhances the recognition of the products of viral genes and transgenes (7) . The restriction of gene expression may therefore help to eliminate adverse consequences.
The ability to regulate gene expression by using small molecules as ligands has also been explored previously. For example, O'Malley and his colleagues had described the use of progesterone-related compounds (8, 9) . Other elegant studies have explored the potential of different ligands to regulate gene expression through interactions that permit DNA binding in the tetracycline repressor/operator system (10), the use of dimerizing agents to cross-link inactive domains in a chemical ''two-hybrid'' reaction using rapamycin-related compounds (11, 12) , or the use of the insect hormone, ecdysone, which, like progesterone, modifies the binding of a transcription factor to its cognate DNA sequence (13) .
The requirements for regulation of gene transfer vectors are in many ways similar to those of regulatory elements needed to maintain stable tissue-specific gene expression in transgenic animals. Despite the fact that the molecular basis of these regulatory regions has been established in vitro, it is necessary to define regulatory elements based on their activity in vivo. The use of such locus control regions to confer tissue-specific gene expression in vivo has been described previously in adenoviral vectors. A smooth muscle cell-specific promoter, SM-22, has been described by Parmacek and his colleagues to show specific, impressive restriction to smooth muscle types in vivo (14) . Interestingly, this cell-specific gene expression is not always faithfully recapitulated in cell lines in vitro, in part because these cells are transformed and often contain viral transactivators that may otherwise alter tissue-specific expression. Thus, it remains necessary to demonstrate the activity of these vectors in the relevant tissues in vivo. Insulator sequences have been reported to maintain chromatin structure of actively transcribing regions, presumably isolating them from the effects of trans-acting factors that affect surrounding chromatin. For example, such an insulator sequence was described in the chicken ␤-globin gene (15) , although the molecular basis by which it achieves this effect is not yet understood. In this report, the insulator incorporated into the vector did not exert the expected effect in maintaining high-level inducible gene expression. It thus appeared that the insulator sequence was undesirable in this vector.
Immunogenicity following gene transfer remains limiting in many vector systems and is more problematic with adenoviral vectors. The problems of the immune response relate not only to the vector but also to the transgene expressed by the vector (16) (17) (18) (19) . In the work of O'Malley and colleagues, the transactivation domain of an immunogenic viral transactivator, VP16, was replaced using the transactivation domain of a cellular transcription factor, the RelA subunit of NF-B. This transactivation domain has been used in other ligand-regulated gene expression vectors and is well defined (12) . Although replacement of this transactivation domain reduces immunogenicity, this fusion protein retains the yeast-derived GAL4 DNA-binding domain foreign to its mammalian host. Because it localizes to the nucleus, it is not yet clear whether this protein will be presented to the immune system and be immunogenic, an issue that remains to be addressed. There are other immunologic hurdles for gutted adenoviral vectors. Adenoviral proteins injected into patients could serve as targets for antibody neutralization because there is widespread immunity to a variety of adenovirus serotypes in humans. This issue will require careful evaluation in humans as clinical studies proceed. Should it prove problematic, adenoviruses from other species may need to be adapted as vectors to evade immune inactivation.
Several additional questions remain for the promising vector described by O'Malley and colleagues. Although the majority of the vector is probably delivered to the liver, the efficacy of the liver-specific regulatory element has not yet been established in vivo. Immunity to the GAL4 regulatory proteins also will require evaluation. Nonetheless, the ability to develop an injectable vector that shows targeted and reversible ligandregulated gene expression (Fig. 2) represents a major advance.
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A recent report by Blau and colleagues (20) exemplifies the need for such regulation to avoid adverse consequences related to overexpression of potent biological effectors. In this case, abnormal blood vessel formation after high-level expression of an angiogenic factor was found to be deleterious. Similarly, unregulated expression of erythropoietin can lead to polycythemia (18, 21) . Regulated expression of this hematopoietic growth factor would provide a better way to stimulate the production of red blood cells in anemia (22) , which is currently responsive to repetitive administration of recombinant erythropoietin. The vector described by Burcin et al. provides a means to regulate expression of such potent gene products. Another encouraging aspect of this work is that the longterm and regulated gene expression established in this adenoviral vector can presumably be extended to other vectors. Previous studies have shown regulated gene expression by using retroviral vectors (23) , although tissue specificity was not achieved. By analogy, such regulation should be achievable using other viral vectors, such as adeno-associated, lentiviral and herpesvirus vectors, and nonviral vectors. It is thus encouraging that gene-transfer technology is progressing logically, productively, and expeditiously. The present study exemplifies the type of gene delivery refinement that will substantively contribute to more effective gene therapy for human diseases.
